Background Episodic memory includes information about item memory and source memory. Many researches support the hypothesis that these two memory systems are implemented by different brain structures. The aim of this study was to investigate the characteristics of item memory and source memory processing in patients with Parkinson's disease (PD), and to further verify the hypothesis of dual-process model of source and item memory. Methods We established a neuropsychological battery to measure the performance of item memory and source memory. Totally 35 PD individuals and 35 matched healthy controls (HC) were administrated with the battery. Item memory task consists of the learning and recognition of high-frequency national Chinese characters; source memory task consists of the learning and recognition of three modes (character, picture, and image) of objects. Results Compared with the controls, the idiopathic PD patients have been impaired source memory (PD vs. HC: 0.65±0.06 vs. 0.72±0.09, P=0.001), but not impaired in item memory (PD vs. HC: 0.65±0.07 vs. 0.67±0.08, P=0.240). Conclusions The present experiment provides evidence for dissociation between item and source memory in PD patients, thereby strengthening the claim that the item or source memory rely on different brain structures. PD patients show poor source memory, in which dopamine plays a critical role.
A ccording to the memory system, explicit memory is divided into episodic memory and semantic memory systems. The context and the event constitute the memory of our own experiences that is termed as episodic memory. 1 Within the episodic memory domain, one aspect of episodic memory is referred to as item memory; another aspect of episodic memory is referred to as source memory. The former is the memory about the occurrence of an event (i.e. content or fact memory such as recognition of a person's face), and the latter is the memory for the context in which knowledge about the event was acquired (e.g. where and/or when one met the person). 2 Recent studies have suggested that item memory and source memory are functionally and neuroanatomically dissociated. For example, patients with frontal lobe lesions exhibited normal item recognition but disproportional numbers of errors regarding source information, 3 these findings suggested that the frontal lobes play a special role in accurate source memory. Lesion studies provided further evidence for the role of the frontal lobes in source memory. 4 When source information was required at retrieval, the left frontal lobe showed significant activation but not when item retrieval was required. The results supported a model proposing a larger role for the frontal lobes in encoding and retrieval of source information. 5 Similarly, neuroimaging evidence further suggests that activity in the medial prefrontal cortex contributes to this source memory benefit. 6, 7 Neuroimaging has also found that compared to item memory, retrieval of source information leads to increased activation in the left prefrontal cortex. 8 Age-related researches suggested that the frontal lobes are particularly sensitive to the effects of aging, 9 which leads to the decline in source memory. 10, 11 Parkinson's disease (PD) is a neurodegenerative disorder characterized by the presence of abnormal motor movements stemming from disturbances of the dopamine system. 12 Studies of patients with PD suggested that the characteristic clinical symptoms are frequently accompanied by impairments in cognitive functions. It is well recognized that there are degeneration of the mesocortical dopamine system and reduced frontal lobe activity observed in the study in PD. 13 Because of the intimate connections between the frontal lobes and the striatum, patients with PD display impairments in various cognitive tasks that primarily depend on the frontal lobes. 14 Therefore, disruptions in the dopaminergic frontostriatal circuit are thought to underlie much PD-related impairment. It has suggested that there may be source memory deficits in individuals of PD.
There were some studies about source memory in PD.
Taylor et al 15 used the California Verbal Learning Test (CVLT) to examine the source memory performance in undedicated Parkinson's patients. It is difficult for patients with PD to localize the source of words from the overlearned list. Researchers used three different experiments to examine different types of source monitoring in a group of medicated PD patients. 16 They found that individuals of PD could distinguish two external sources and also between an external and internal source. Recent study used a source memory recall test for voices, eliminating possible effects of familiarity. They found that PD patients demonstrated deficits in source memory and executive functioning compared to a healthy control group. 17 Another study assessed memory for perceptual (voice), spatial (location of loudspeaker), and temporal (list) source memory. They found that older people showed poorer source memory than young adults, and PD patients were impaired above the healthy older adults. 18 However, few published studies have assessed memory for visual stimuli in PD.
The current study examined item and source memory by visual pathway in individuals with PD. It was expected that PD patients would demonstrate deficits in source memory compared to a healthy control group.
METHODS

Subjects
Totally 35 individuals diagnosed with PD were recruited for the study from the First Hospital of Anhui Medical University, Anhui Province, China. All patients fulfilled Parkinson's Disease Society Brain Bank clinical criteria 19 for definite PD. Severity of the disease was rated according Hoehn & Yahr disability scale. 20 All the patients in our study were among stage 1-3. Among them, 25 PD patients were on stage 1-2, 10 PD patients were on stage 3. They were all taking some form of dopaminergic medication (i.e., l-dopa or dopamine agonists) before and during the study period. Thirty-five healthy control (HC) participants were recruited from community without any history of neurological or psychiatric disorders, and matched to each patient on sex, age, and education level ( Table 1) .
Exclusion criteria for both groups included dementia (Mini-Mental State Exam ination (MMSE) score <26), a history of traumatic braininjury or neurological disorder other than PD, medications believed to affect cognitive function (e.g., anticholinergics), a history of alcohol or drug dependence, or a psychiatric disorder. Our study protocol was approved by the Anhui Medical University Ethics Committee, and we obtained written informed consents from all participants before the study.
Background neuropsychological tasks
All participants were given a battery of neuropsychological tasks, including (1) MMSE to measure global cognitive functions to exclude for dementia; (2) Hamilton Depression Scale (HAMD) to measure anxiety and depressive states; and (3) Verbal Fluency Test (animals, VFT) to measure frontal functions.
Item memory task
A total of 64 high-frequency words were used for the memory tasks. In the study phase, the participants were instructed to view 32 words of list successively. They were told to memorize the words for a subsequent memory test. Each picture was presented on the computer screen for 2 seconds in sequence. After the item study presentation for 1 minute, participants were given a two-alternative forcedchoice test. Sixty-four words were presented to them, one by one. Participants were asked to decide whether the word displayed on the screen was "new" or "old".
Source memory task
A total of 8 groups of objects were selected from different categories in our common daily life, including fruit, tool, furniture, animal, clothes, vehicle, stationery and appliance. Each group included one word, one abbreviated drawing and one imaginary word as one category. In the study phase, one abbreviated drawing and one word of a category were showed on computer screen. The participants were instructed to image one object that was the same category as the one presenting. They were told that they would be tested afterward on which pattern were presented. After the study presentation for 1 minute, participants were given the source memory judgment to think out which pattern of the object was presented during the study phase (word, drawing or imagination of themselves).
Data analysis Item memory
We take Pr as the statistic of item memory. Pr= (correct number + 0.5) / (target number +1) -(false number + 0.5) / (interferential number + 1). 21 Correct number is the quantity of the items that were exactly identified by subjects and also really presented in the study phase. Target number is the sum of immediately and delay phases. False number is the quantity of the items that were identified by subjects but not really presented in the study phase.
Source memory
We take I as the statistic of source memory. I = correct number / target number. 22 Correct number is the quantity of the pattern of the objects that were exactly identified by subjects and also really presented in the study phase. Target number is number of the objects that were presented in the study phase.
Double dissociation between item and source memory
According to Glisky et al's study, 23 we put 35 PD patents into high and low groups by the value of Pr or I, then we can analysis the difference in the other statistic (I or Pr). If these two groups have significant difference in one statistic, not in the other, we deem that the function of item and source memory have double dissociation.
Statistical analysis was performed by SPSS version 13.0 statistical software (SPSS Inc., USA). The statistical significance of the differences in item memory and source memory between PD and HC was evaluated by independent t tests. Results were considered significant if P <0.05.
RESULTS
Results of the neuropsychological test battery
Demographic data and results from the neuropsychological test battery were shown in Table 1 . Independent t tests confirmed that no significant differences in age, gender, education, and MMSE between the PD and HC groups. Significant differences were found in VFT and HAMD, but both groups had scores clearly above the cut-off ( Table 1) .
Results of item memory and source memory
Independent t tests were used to investigate whether the PD and HC groups differed in item and source memory ( Table 2 ). PD patients had got significant lower values of I than HC, which meant PD probably had problems in source memory. However, the values of Pr between the two groups did not reach significance. They had similar ability in item memory ( Table 2) .
Double dissociation between item and source memory in PD
We divided PD patients into two groups by the median of Pr. Therefore, there were 17 patients above the median called high Pr group, and the other 17 patients below the median called low Pr group. In the same way, we could divide them to high I group and low I group. (Table 3) .
As shown in
Correlation
Additionally, in the PD group, item memory and source memory had no any correlation with MMSE, VFT, HAMD, age, and years of education.
DISCUSSION
The present study demonstrated that there are impairments with source memory in PD patients, but item memory is spared, comparing with matched controls. It has also found the functional dissociation between item and source memory within PD patients group. As shown above, there is significant difference in item memory between high item memory score group and low item memory group (P <0.001), but not in source memory (P=0.340). Meanwhile, there is significant difference in source memory between high source memory score group and low source memory group (P <0.001), but not in item memory (P=0.400). These data provide evidence to support the notion that source and item memory reflect the activation of functionally and neuroanatomically separate systems.
Compared with matched controls, individuals of PD showed normal item memory and poor source memory. Many researches support the hypothesis that these two memory systems are implemented by different brain structures. Item memory refers to memories of the event itself, mainly dependent on the entorhinal cortex in the temporal lobe. PD is a neurodegenerative disorder characterized by dopamine dysregulation including the striatum in several regions of the brain. Because of the dopamine metabolic abnormalities in the striatum, the connections between the striatum and the frontal lobes called as fronto-striatal networks which connect the basal ganglia to areas of the frontal cortex have been damaged. Individuals with PD display impairments in various cognitive tasks that primarily depend on the frontal lobes. 14 Difference was found in frontal lobe-related VFT in this study.
Imbalance between the acetylcholine and dopamine in basal ganglia may underlie PD-related cognitive impairments. 24 An imaging study demonstrated that in both healthy subjects and patient populations, presynaptic dopamine levels have been correlated with performance on the frontal lobe test. 25 In our study, the item and source memory were examined while in a madopar medicated state, but the effects of changes in source memory were also detected. Cognitive tasks may be less sensitive to phasic dopamine changes than to the greater severity of dopamine depletion.
According to Glisky et al, 23 our study also found item memory and source memory in PD displaying double functional dissociation. There are two opinions in neural basis of item memory and source memory. Singleprocess model 26 proposes that item and source memory have common cognitive foundation, only just different degree of processing of the information. They have similar neural basis, both involving frontal and medial temporal lobe, and medial temporal is the key structure to bind of source memory to item memory. On the contrary, dualprocess model argues that the processing of item and source memory are completely different in essence, have disparate neural substrates. Item memory mainly depends on hippocampal regions and medial temporal lobe, and source memory requires prefrontal, hippocampal cortex and structure associated. More and more evidence form researches on imaging 5 and brain injury 27 supports the hypothesis of dual-process model. The present study is another evidence to sustain that the item or source memory relies on different brain structures.
Early PD patients are not impaired on item memory task relying on the medial temporal lobes, because of the area does not receive direct affects from the striatum. 28 Generally, hippocampal regions and medial temporal lobe are thought to subserve item memory, but source memory is according to the function of prefrontal, hippocampal cortex. Therefore, impairment of prefrontal or basal forebrain regions would bring dysfunction in source memory, but not in item memory. However, if there is a damage in medial temporal lobe, item memory would mainly be affected, and source memory would also be involved. 29 Depression is common in PD, 30 which was measured in the current study. Depression can have a negative effect on cognitive tasks, especially those relying on the frontal lobes. [31] [32] [33] However, none of the patients and controls met criteria for depression based on their scores on the HAMD in this article. And HAMD scores were not significantly correlated with source memory. It is suggesting that PDrelated cognitive deficits may not be due to the negative effects of depression in the current study.
In short, the present experiment provided evidence for dissociation between item and source memory in PD patients, which supporting the hypothesis of the dualprocess model. Dysfunction of frontostriatal system in PD patients leads to damage to source memory. Future studies should focus on the effects of anti-Parkinson's medications on episodic memory.
